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Abstract
Since the 1970s, the bicycle has been a motherhood issue for U.S. transportation planning. At least in the abstract, everyone is in favor of increased use of these non-polluting, energy-efficient, quiet, and fitness-promoting vehicles. However, when one begins to investigate the use of bicycles for transportation, one finds that there are a number of dilemmas facing bicyclists and the bicycle planner. The first dilemma is that the public has many misconceptions about bicycling, including the skills required, which places are safe for riding, and the rights of bicyclists to use public roads. Second, professionals have often ignored bicycling, failing to consider bicyclists in roadway design or traffic enforcement. Third, the locations where bicycling is the most useful for transportation are also some of the most challenging, especially for the beginner. Fourth, the bicycle is not generally a "design vehicle," so roads are not routinely designed with bicyclists in mind. Fifth, transportation funding emphasizes capital spending over maintenance, although the latter is often more important to cyclists. Sixth, traffic enforcement officials routinely ignore even the most flagrant and dangerous violations by bicyclists. Seventh, designated bicycle facilities often do not serve the purposes their advocates propose, and sometimes can create dangerous conditions. Eighth, bicycle education has not yet become available on a wide scale, in part because advocates, funding programs, politicians, and public opinion focus on building facilities. Getting beyond these dilemmas requires a focus on changing public opinion through advertising, politician and celebrity endorsement, making the bicycle a design vehicle, and widespread availability of bicycle training programs.

 

Introduction
Since the 1970s, the bicycle has been a motherhood issue for U.S. transportation planning. At least in the abstract, everyone is in favor of increased use of these non-polluting, energy-efficient, quiet, and fitness-promoting vehicles. However, when one begins to investigate the use of bicycles for transportation, one finds that there are a number of dilemmas facing bicyclists and the bicycle planner. This paper reviews eight dilemmas regarding bicycling. Anyone interested in planning for bicycling should be thoroughly aware of these dilemmas. Recently, some localities have taken steps to get beyond these dilemmas; these and other suggestions for improvements are listed in the final section of the paper.

Dilemma #1: Some Public Perceptions Are Inaccurate
Commonly held but erroneous perceptions about bicycling are at the heart of many of the problems surrounding bicycle planning. These include the amount of skill required to ride a bicycle, the risk involved in bicycling and the sources of risk, and the legal status of bicyclists on public roads. 

 

1.1 Skills Required to Bicycle
Many Americans think they know how to ride a bike, but many lack even very basic bicycling skills. They often do not know what they don't know. They believe that once you learn how to balance and steer on a bicycle, you know how to ride a bicycle. However, bicycling is more like swimming or skiing: at least a minimum of instruction in technique and safety precautions is necessary to be safe and effective. Because many people do not know this, they do not seek out instruction, and continue their dangerous habits. Because parents lack these skills, they do not teach them to their children. The bicycling instruction occasionally offered by schools is typically incomplete, misleading, or even erroneous. Among bicycle advocates, there are relatively few who push for improved education and skill development (see Dilemma #8).

What skills do bicyclists need to know? Basic bicycle handling includes proper seat height; picking the right gear; stopping by using both brakes; and scanning for traffic behind (looking over the shoulder) without swerving. Basic traffic skills include changing lanes; lane positioning depending on the speed of traffic and the width of the travel lane; lane positioning based on destination at intersections; and yielding and stopping when required by traffic rules. There are other skills which are helpful-- quick turns and quick stops, riding in bad weather and at night, climbing and descending, and on-road bicycle maintenance.

 

1.2 Source of Danger to Bicyclists
The primary fear of noncyclists or inexperienced cyclists is being run over by motor traffic approaching from behind. Because of this fear, many people prefer to bicycle in areas where motor vehicles are not allowed, such as sidewalks, recreational paths, fire roads, and hiking trails. However, the collisions most feared-- motor vehicles overtaking from behind-- are among the rarer forms of bicycle accidents. From data collected by Cross and Fisher, Forester calculates that 85% of all car-bike collisions take place in urban areas, and 89% of these involve turning and crossing movements, and only 7 percent involve cars overtaking bicycles (Forester 1994 p. 47). More recently, researchers from the University of North Carolina's Highway Safety Research Center (HSRC) found that 8.6% of car-bicycle collisions in their sample of 3,000 from eight states involved motorist overtaking (Hunter et al. 1996). This figure includes rural areas where overtaking collisions are more common. As in the earlier data, this study also found that turning and crossing situations accounted for the vast majority (76.9%) of collisions.[1]

While they are afraid of being hit from behind, novice bicyclists are insufficiently afraid of other common dangers, and often act in a way that increases these dangers. First, they are insufficiently afraid of cross traffic. Intersections are known to be the greatest source of danger-- they are the areas where driver's intended paths frequently intersect. Riding on the sidewalk or in the wrong direction places the cyclist outside the flow of traffic and into positions where they are not visible or not expected. A bicyclist riding at speed on the sidewalk may suddenly appear in an intersection at the moment a motorist on the parallel roadway is turning right into a side street. In such cases the motorist has the impression that the bicyclist appeared "from nowhere." A motorist waiting at a stop sign to make a right turn looks to her left for traffic. When there is none, she will proceed to turn right-- directly into the path of a wrong-way bicyclist approaching from the right. These theoretical dangers have been confirmed empirically. A recent study found that bicycling against traffic increases accident risk by 360%, bicycling on the sidewalk increases accident risk by 180%, and bicycling the wrong way on the sidewalk increases accident risk by 430% (Wachtel and Lewiston 1994).

The paths and trails favored by inexperienced cyclists have their own dangers. Roadway crossings are often hazardous because of insufficient sight distance and confusion about who has the right of way. They are typically too narrow to accommodate bicycling at normal speed, given the presence of pedestrians, roller skaters, equestrians, etc. However, this does not prevent even novice cyclists from cycling at unsafe speeds on such facilities. For example, a rail trail in Cheshire, Connecticut constructed in 1995 has a posted speed limit of 10 mph (16 km/h), even though an inexperienced bicyclist can easily attain 15 mph (24 km/hr). Some older paths were built with sharp curves and steep slopes that are difficult to navigate on a bicycle. Bicyclists travel a good deal faster than the design speeds of these facilities; even average bicyclists can reach 30 mph on a downhill. Finally, bicycling on unpaved areas, although popular in part because of the lack of motor vehicle traffic, seems to be considerably more dangerous than bicycling on the roadway, principally because of poor surface conditions. However, no studies of this issue are yet available, to this author's knowledge.

Inexperienced bicyclists are also insufficiently afraid of riding at night without a headlight. Many avoid riding at night, but are occasionally caught after dark unprepared. Some believe that lights are unnecessary, either because they believe that street lights illuminate them or because they believe that federally-mandated reflectors are sufficient. Front reflectors are insufficient because they do not alert traffic in front to the bicyclist's presence. The headlights of an automobile waiting on a side street do not illuminate a bicyclist's front reflector; if the street is dark, the motorist sees no approaching traffic and turns directly into the bicyclist's path. Despite laws in every U.S. state requiring the use of headlights at night, in many jurisdictions bicyclists are never stopped for failing to use them. Federal regulations require that all new bicycles must be equipped with a complete set of reflectors. These regulations may contribute to the persistence of the belief that reflectors are sufficient for night cycling. In addition, the small, divided, red rear reflector required by federal regulations is many times less bright that a standard automotive reflector. This means that a cyclist must not only purchase a headlight but also a tail light and/or a large rear reflector in order to be equipped for night riding.

 

1.3 Bicyclists? Right to Use Roads
All U.S. states treat bicyclists by law as drivers of vehicles and grant them rights and responsibilities accordingly. However, the public is not always aware of this law. Motorists often feel that bicyclists have no right to be on the road, especially if a bicyclist's presence requires the motorist to wait before overtaking. Some motorists become vigilantes, telling cyclists to get off the road. The frequency with which many bicyclists disobey traffic law contributes to public attitudes that bicyclists operate outside the law and therefore do not deserve the same treatment as other roadway users.

Bicyclists often feel that they should not block traffic. They think travel lanes are "car lanes" and try to keep out of them as much as possible. As a result, bicyclists often ride too far to the right of the road, despite the presence of hazards such as road debris, broken pavement, drain grates, and opening doors of parked vehicles. John Forester remarks ironically: "most cyclists are too cautious to be safe on the road" (Forester 1994, p. 41). Because motorists who are not cyclists do not always recognize these hazards, they may believe that bicyclists unnecessarily block the road when they could be traveling further to the right.

The root of these perceptions is a misunderstanding of two key traffic rules. The first rule is first come, first served. If a bicyclist is traveling in the roadway, an approaching driver must overtake only when it is safe to. The bicyclist has to make it easy for the other driver to overtake, but only to the extent that traffic and road conditions make overtaking possible. A motorist's perception of safe passing space may be different from the cyclist's. It is important that motorists understand that a bicyclist may need to "block" (ride in the middle of) a travel lane. This should be no more cause for concern than, for example, a mail truck or a garbage truck stopping on the road.

The second rule is that vehicles at intersections position themselves according to their intended destination. A vehicle must move as far to the right curb as possible before turning right, and as far to the center line as possible before turning left (except where there are exclusive turning lanes). Motorists sometimes disobey this rule by passing a bicyclist and turning right at the same time, cutting off the bicyclist in the process. Motorist training apparently fails to emphasize that one should slow and merge behind a bicyclist before turning right. Some right-turning drivers end up stopping in the middle of the road waiting for the cyclist they have just passed to pass on their right. This is unsafe, slow, and avoidable by the simple expedient of waiting first, then turning.

Bicyclists who ignore the intersection positioning rule put themselves in conflict with the flow of traffic, for example, by remaining in a right turn only lane when they intend to continue straight. Laws in many U.S. states which require bicyclists to be "as far to the right as practicable" may contribute to public confusion on this issue. Such laws also contribute to motorists' complaints that bicyclists are in "the middle of the road"-- even when the cyclist is making a left turn.

 

1.4 Bicycling is Inherently Dangerous 
A final problem of public perception is the belief that cycling is dangerous, especially on the road. This belief may deter some from cycling, and may encourage others to take illegal and discourteous actions toward cyclists on the road, on the theory that such cyclists deserve what they get. When bicyclists are injured or killed, people often think of the inherent risk of bicycling, rather than errors committed by bicyclists or motorists hitting them.

 

Dilemma #2: Professional Neglect
Bicycling has long been neglected by professionals entrusted with roadway design, maintenance, and operation. This neglect has produced two related problems: (1) failure to address cyclists' concerns and (2) low standards for publications relating to bicycle transportation. The first problem manifests itself in a failure to consider the bicycle as a design vehicle in the road design process (see Dilemma #4) and the failure to stop bicyclists committing traffic violations (see Dilemma #6). Banning cycling instead of at least minimally accommodating cyclists is an extreme example of neglect in roadway design and management.

The lack of interest, and research funding, for issues concerning bicycles has meant that there is a very small community of scholars in this area. Many authors write reports and papers without a thorough understanding of the issues raised by previous work (for example, the relative risk of car bike collisions, the laws concerning bicycling).The problem then feeds on itself when such papers are published and are used by others. For example, the Bicycle Federation of America (BFA) report on Selecting Roadway Treatments to Accommodate Bicycles has a misleading classification of the types of bicyclists that has been widely reproduced (see discussion below in Dilemma #7). Another report argues that bicyclists cannot be expected to obey traffic laws until safe facilities are provided (Clarke and Tracy 1995, discussed below).

Another example of lack of understanding of bicycling issues appeared in a recent review of laws relating to bicycling published in a professional journal. The authors, two civil engineers and a transportation planner, say that differences in ordinances regarding sidewalk riding "increase the potential for confusion" (Bowman, Vecellio, and Haynes 1994) They cite the State of Georgia law that requires bicyclists to use "a usable path or sidewalk adjacent to the roadway" and a city ordinance in Georgia banning sidewalks from city streets. The three authors fail to realize that much more than creating confusion, the State law requires bicyclists to use facilities that are known to be the most dangerous for bicyclists: sidewalks or paths adjacent to roadways. They therefore fail to comment on the desirability of a law which requires that dangerous facilities be used.

Some bicycle safety efforts sometimes provide misleading and occasionally erroneous information. For example, although bicyclists are always told to use hand signals, they are rarely told in such sources to move left before making a left turn, and to ensure that it is safe to do so by looking behind before signaling left. In past decades, some bicycle safety instruction taught children to ride against the flow of traffic. A bicycle safety campaign placed a full-page advertisement in The Boston Globe in 1995; bicyclists were reminded to use reflectors at night, but no mention was made of the necessity, and legal requirement, of having a front headlight. The Massachusetts Driver's Manual reminds cyclists (and motorists) that they must ride to the right of the road and always use bike lanes and paths when they are available-- even though no such laws currently exist in the state. 

 

Dilemma #3: Necessary Routes are Difficult and Uncomfortable
Bicyclists often prefer to avoid heavy automobile traffic, but to use a bicycle for transportation they need to travel on high-traffic roads, since they generally have the same destinations as motorists. Bicycling for transportation is usually most practical in urban areas because destinations are relatively close together and bicycle travel is often as fast or faster than auto travel because of traffic congestion. Major arterials are preferable routes for urban bicycle travel because they are typically the most direct routes, are easy to follow, and have signal priority at intersections. In some communities arterials may be the only through routes between neighborhoods.

Urban arterials generally have heavy traffic. To accommodate this traffic, road designers often stripe such roadways with narrow lanes (less than 3.7 m [12 ft.]), and often the shoulder is sacrificed. A standard width lane is typically too narrow for comfortable lane sharing if traffic moves fast or there is a high volume of truck traffic (large vehicles create a wind blast in passing which can cause a cyclist to lose control). In a narrow lane on a multilane street, a cyclist should ride in the middle of the lane to prevent overtaking drivers from squeezing by in the same lane (Allen 1988). Although such a maneuver is legal, it is often resented by motorists, and cyclists do not prefer doing it (Forester 1994, p. 237). Cyclists may instead either ride too close to parked cars, or on the sidewalk, both of which substantially increase their risk of injury.

Widening the outside travel lane on urban arterials is thus an important step to accommodate cycling. However, this is frequently a difficult undertaking in practice because of a series of constraints. The right of way for the road is typically fixed in urban areas because of the placement of buildings. Sidewalks only occasionally can be narrowed. If there are mature street trees it is impossible to move the curb line without taking down the trees. The number of traffic lanes is usually determined by the need to accommodate peak hour traffic volume without much delay. Traffic lane widths must accommodate trucks; in Massachusetts, the Highway Department will not allow lanes narrower than 3.4 m (11 ft) for this reason. That leaves parking lanes. Eliminating just one lane of on-street parking is sufficient to provide additional width for bicycles on both sides of the street if the roadway is restriped. However, on roadways where on-street parking is permitted, it is likely to be in high demand. Removing on-street parking will be strongly resisted by abutting merchants and residents. 

In more recently developed areas in the suburbs and in the Sunbelt, arterials are not nearly so constrained by existing lot lines. On the other hand, such roads tend to carry a high volume of traffic at high speeds, and every lane appears to be essential for providing road capacity. These major arterials therefore often lack a usable shoulder. However, there is often some opportunity to widen the outside lane and/or make room for a paved shoulder (marked as a bicycle lane or not) in such circumstances.

It is occasionally possible to provide additional width even in older urban areas. For example, a short section of Massachusetts Avenue in Cambridge, MA is scheduled to be repaved and then restriped with bicycle lanes. The additional width will come from removing on-street parking on one side for a portion of the project length and removing a traffic lane for another portion. The roadway in that section currently has a narrow traffic lane (3.0 to 3.4 m or 10 to 11 ft.) next to a narrow parking lane (2.4 m or 8 ft.). The same road in Boston, MA has identical dimensions and is currently being redesigned. To date, the designers have not accepted proposals to find a way to widen the lane. One suggestion is to change the configuration from four lanes to three, with the center lane serving left turns. Arterials in Philadelphia and bridges in Washington, D.C., Portland, OR, and Toronto have been reconfigured to include a bicycle lane by removing a traffic lane. 

Dilemma #4: Bicycles are Not Design Vehicles
Bicyclists are legally allowed to use almost every road in the US, but engineers have not used the bicycle as a design vehicle for these roads. Since it is not a design vehicle, there is no need for engineers to consider the special needs of bicyclists using the public roads. Thanks to lobbying by cyclists, the latest edition of the American Association of State and Highway Transportation Engineers (AASHTO) Policy on Geometric Design of Highways and Streets (AASHTO 1994) (also known as the "Green Book") includes some language about bicycles. In the opening discussion of design vehicles, the guide says, "Design vehicles are selected motor vehicles with the weight, dimensions, and operating characteristics used to establish highway design controls for accommodating vehicles of designated classes." This definition erroneously refers only to motor vehicles even though other vehicles are legal highway users and should be accommodated. The new edition of the guide adds, "In addition, where provision is made for bicycles on a highway, the bicycle should also be considered a design vehicle" (p. 19). This formulation weasels around the issue. If a designer does not provide for bicycles, then bicycles are not a design vehicle and do not have to be provided for. The more logical and ethical position is that bicycles should be design vehicles wherever they are permitted. Later the guide adds, "To provide adequately for bicycle traffic, it is necessary to be familiar with bicycle dimensions, operating characteristics, and requirements," but fails to specify what these are.

Although good highway design will accommodate bicyclists on many roads without any special provisions, there are several key deficiencies in roadway design which reveal the lack of consideration of bicycle traffic. A bicyclist generally moves more slowly than traffic, but can be passed in the same lane if the lane is wide or a paved, usable shoulder is provided. This situation is described as "lane sharing," and insufficient width for lane sharing is a common problem, especially on high-speed, high-volume arterials. The AASHTO Green Book calls for wide outside lanes (4.2 m minimum) where there are no shoulders to "enhance a route's safety and capacity for bicycle traffic" (AASHTO 1995, p. 104). However, the guide book fails to require wide lanes as a general practice. The guide also states, "Where bicyclists are to be accommodated, a minimum shoulder width of 1.2 m should be utilized," but again fails to say that bicyclists should be accommodated wherever they are permitted.

Another common design mistake is the use of parallel bar drain grates that can catch a bicycle's front wheel and send the rider headfirst onto the pavement. The danger of such grates has been known for some time, and it seems that few jurisdictions are currently installing them, except on limited access roads. However, many still exist on the road.

Another widespread problem is traffic signals that are not designed with bicyclists in mind. There are two problems here. First, many traffic signals are actuated by buried loop detectors, and many of these are not sensitive to bicycles, even though bicycle-sensitive designs are readily available (Hamm and Woods 1992). This deficiency results in situations where cyclists must endanger themselves by disobeying traffic signals that will never change. Second, some traffic signals do not provide enough green time for bicyclists to clear a multilane intersection, occasionally placing them in the middle of an intersection when the light changes (Wachtel, Forester,and Pelz 1995).

Dilemma #5: Focus of Transportation Funds is Capital Spending
The Federal Government in the U.S. plays a large role in transportation funding through its role in distributing Federal gasoline tax revenues to the states. This money can only be used for construction, not for operating expenses such as enforcement and maintenance. This arrangement gives states an incentive to overbuild and undermaintain roads, and contributes to the prevalence of road pavement problems. 

The transportation planning process largely revolves around capital funding decisions, not on policies. Expensive bicycle projects such as conversion of disused railroad lines into trails receive more prominence in this process than efforts to accommodate bicycles as incidental features of road construction projects. 

The 1991 highway act ("ISTEA") created a requirement that 10% of the funds allotted to the Surface Transportation Program (STP) be spent by states on "enhancement" projects. By creating a set-aside, the amount of spending on bicycle projects has dramatically increased, since such projects only have to compete with the specific types of projects authorized under this program, such as landscaping, historic transportation facilities, and historic preservation. The Rails-to-Trails conservancy estimates that total spending on bicycle and pedestrian projects from 1973 to 1991 was $41 million. In the first four years of ISTEA, by contrast, states awarded $581 million for these projects (GAO 1996).

Although precise data are not available, it seems that the vast majority of this more than half a billion dollars has been for bicycle paths and rail-trails, not for making the road system more bicycle friendly. Of the $887 billion in Enhancement funds obligated from 1991 to 1996, 15% went to "rail-trail conversion" and another 36% went to "Bike/Pedestrian Facilities" (GAO 1996). It seems that a substantial amount of the latter category consists of "multi-use" paths (that happen not to be former railway lines). ("Multi-use" paths are bicycle paths officially open to pedestrians, roller skaters, and sometimes equestrians.)

ISTEA also permits states to use STP and Congestion Management funds on "bicycle transportation" projects, which specifically include "nonconstruction safety projects." Although some CMAQ funds have been used for bicycle parking, states have generally not chosen to fund bicycle projects from these categories. The apparent reason is that such spending would require moving some funds from other projects, and bicycle interests are not strong enough at the state level to accomplish this. Moreover, most of the bicycle advocates' attention has been focused on building trail and path projects from the Enhancements set-aside.

Funding for bicycle education projects is even more difficult to find. The League of American Bicyclists (LAB) is seeking $500,000 in funding to develop its Effective Cycling bicyclist education program. So far it has not been successful in finding public funds. The National Highway Traffic Safety Administration (NHTSA) argues that the effectiveness of education in reducing injuries has not been demonstrated. However, NHTSA has not included studies addressing this question in its bicycle research program.

Dilemma #6: Lack of Enforcement
Many bicyclists operate their vehicles in a dangerous or unlawful manner, but few law enforcement agencies cite these violators. There are several reasons why police in many areas permit these violations. First, bicyclists are not taken seriously, and are a low priority for police activity. Second, some bicyclists object to enforcement on civil libertarian grounds. There is some justification for these fears, given that some jurisdictions have chosen to harass bicyclists for riding on roads where bicycling is permitted, or for riding outside of a bicycle lane.

Police sometimes believe that enforcement is impossible because bicyclists do not display plate numbers and cannot be threatened with license suspension. While it is true that, at least in Massachusetts, police cannot ask for identification, they can arrest those who refuse to give a name. Moreover, the important question is not whether a few people would give a false name, but whether a targeted enforcement effort would change behavior.

Bicycle advocates are often quick to add that it is also important to increase enforcement of motorists' wrongdoing. In some locations (such as Boston, MA), there is little enforcement of moving violations that do not result in a collision. Nevertheless, motorists are stopped for egregious violations, but bicyclists never are. [2] Reducing the frequency of wrong-way riding, for example, is probably more effective in improving bicycle safety than increasing motorist compliance with traffic law, which is already higher to begin with. Motorists do need to be more aware that bicycles are legal road vehicles and have the same rights as other road users. This is particularly true with regard to the two traffic rules cited earlier. Motorists must leave a safe passing distance and should slow and follow if road or traffic conditions prevent safe passing. When turning right, motorists should slow and merge behind bicyclists, not pass in front and turn at the same time. 

Some bicycle advocates believe that society should not stop bicyclists for violating traffic laws until "safe facilities" are built. Further, they argue that disobeying traffic rules is a rational response to bicyclists' predicament. In their 1995 report for the Federal Highway Administration, Clarke and Tracy of the Bicycle Federation of America take this point of view. "Riding on the sidewalk, riding against traffic, and failing to signal become part of the necessary repertoire of skills and actions necessary to survive and make the trip practical. This suggests that until road conditions and the riding environment become more conducive to bicycling, bicyclists will continue to ride as they see fit, rather than as the law requires of them. Thus, efforts to enforce laws that require cyclists to behave otherwise will have limited and short-lived success" (Clarke and Tracy 1995, p. 124). This "facilities before enforcement" argument is an excuse for continuing the status quo of no enforcement. Accident studies show clearly that motorists were judged to be solely at fault in only 28% of car-bike collisions, cyclists solely at fault in 50% of collisions, and both were at fault in 14% (Hunter et al. 1996).[3] Based on the numbers of accidents, then, changing bicyclists' behavior will have a bigger effect than changing motorists' behavior. Changing bicyclist's behavior can be particularly effect because a few high-risk behaviors (e.g. wrong-way riding or failure to yield the right of way) are the causes of a large number of accidents. Although many moving violations by motorists are ignored, there is generally a certain chance of being ticketed. In some areas bicyclists, are never ever ticketed for violating traffic rules to the point where some cyclists almost believe that they do not legally have to obey the law.

In Cambridge, MA, the city bicycle committee has discussed enforcement since the committee was established in 1991. Despite the objections of some members, the committee took the "facilities before enforcement" position. The committee asked the police to distribute informational forms, but not citations, to violators. By contrast, pedestrians unhappy with bicyclists riding on sidewalks lobbied the City Council to take action. In the summer of 1996, the Police were directed to begin issuing citations to bicyclists riding on sidewalks and for other violations, although most were given a warning instead of a fine. Police have not had problems with stopping cyclists. 

Dilemma #7: Bicycle Facilities Can Have Unintended Effects
The major goal of many bicycle advocates is building bikeways, meaning bicycle paths and bicycle lanes. While both types of facilities, if properly designed and located, can improve conditions for bicycling, their usefulness is much more limited than many advocates believe. Moreover, if improperly designed and located, they can be dangerous, and in some cases worsen bicycling conditions compared to the status quo ante. 

 

Bicycle Paths
The safety hazards of bicycle paths have already been mentioned. They are often too narrow for bicycle use, and much too narrow given their use by pedestrians, roller skaters, and other non-bicyclists. The AASHTO Guide for the Development of New Bicycle Facilities gives minimum specifications that are extremely narrow (AASHTO 1991). The preferred width of a bicycle path is given as 10 feet, and the minimum 8 feet. In this author's experience, 12 feet is the minimum necessary for comfortable sharing with pedestrians, and 16 feet is preferable.[4] In-line skaters have become a large group of path users, and they need considerably more width than a bicyclist. The Guide also discusses one-way bicycle paths and gives a minimum width of 5 feet. However, elsewhere the Guide says that bicycle paths will always be used as two-way facilities. The persistence of this one-way path standard of 5 feet might justify construction of exceedingly dangerous facilities. Although recent rail trails have been built wider than the 6 to 8 feet paths that were common in the 1970s and 1980s, many are built to the AASHTO standard of 10 feet, not the 12-16 feet that is necessary given the current composition of path users.

The other potential hazard of paths is intersections with roadways. The ideal bicycle path runs along a river, canal, or shore line with only grade-separated or fully signalized intersections. Few alignments are available that meet these conditions, and constructing bridges or tunnels for full grade separation is an expensive proposition. Although flat and straight, rail lines often cross roadways at odd angles, and sometimes near road intersections, resulting in insufficient sight distance for oncoming traffic. Such an intersection may be tolerably safe for infrequent train traffic, especially when coupled with automatic signals and gates, but may be altogether unsuitable for a steady stream of pedestrians and bicyclists. If the road crossing is a marked crosswalk, drivers in most states must give the right of way to pedestrians in the crosswalk (but not necessarily those wishing to enter the crosswalk). But bicyclists do not always have this legal protection unless they dismount and become pedestrians. One method of clarifying the right of way is to put stop signs for traffic crossing on the road. However, road users may not be happy with the additional stop, especially at times when path use is infrequent, and may ignore the sign. The more usual alternative is to give path users a stop sign. This requires them to dash out across the roadway when there is a gap in traffic, even if the sight distances are such that oncoming traffic cannot always stop in time.

A bicycle path that runs parallel to a roadway is extremely dangerous. Riding on such a path is analogous to bicycling on a sidewalk. When the path is on one side of the road only, half of the bicyclists will be riding against traffic, making intersections even more hazardous. The 1991 AASHTO Guide presents a long list of reasons why building such a facility is a bad thing to do but stops short of recommending that they not be built. Despite the prominence of these concerns, such facilities continue to get built, in part because it is cheap and easy to get right-of-way for a path along a public road. The officials on the islands of Nantucket and Martha's Vineyard in Massachusetts continue to build such paths, despite their dangers.

Although bicycle advocates sometimes believe that path construction is vital for getting more people, especially parents and children, interested in bicycling, path use does not build the skills necessary for bicycling in traffic (Forester 1994). Many path users put bicycles on automobiles and drive to the path, ride back and forth, and go home. They feel confined to the limits of the path. If they leave the path they may in fact put themselves at risk because they do not know basic traffic skills.

Bicycle Lanes
Bicycle lanes can be dangerous to the extent that they encourage bicyclists to remain to the right at intersections, regardless of their intended destination. Traffic law requires drivers to move into the lane position closest to their destination before turning. A bicycle lane striped to the stop line of an intersection clearly encourages bicyclists to stay right and motorists to stay left, rather than merging before turning. As bicycle lane proponents began to recognize the reality of the problem of motorists turning across bicycle lanes and colliding with straight-through bicyclists, they proposed that lanes be dashed before intersections, indicating that drivers on either side of the line may merge. Dashed lines at intersections are encouraged in the 1991 AASHTO Guide, although some jurisdictions, such as the State of Oregon, still allow solid lines (Michael Moule, Oregon Bicycle and Pedestrian Program, personal conversation, July 1996). Although dashing may reduce the problem, the existence of any dividing line at an intersection discourages proper merging maneuvers. Drivers are used to merging into a lane, not straddling a lane line (the dashed bicycle lane).

The debate over the merits of bicycle lanes will continue. Proponents believe that "designated facilities" are necessary (and sufficient) to encourage a lot more bicycling. They tend to believe that the existence of a lane stripe is the most important factor because they believe the lane stripe protects cyclists from traffic approaching from behind. Without it, they believe, the mass of inexperienced bicyclists simply will not ride. Therefore such advocates tend to ignore concerns about bicycle lanes encouraging riders to remain too close to parked cars and discouraging drivers (both motorists and cyclists) from merging at intersections.[5]

It is difficult to produce good data about the safety of bicycle lanes. The safety of bicycle lanes depends on the accident risk of a bicycle lane relative to not having that lane, all else being equal. Measuring accident risk requires knowing both the number of accidents and the number of bicyclists. Accidents are typically underreported and are relatively rare events subject to random fluctuations. Establishing the number of bicyclists requires performing special counts. A good test of bicycle lanes would compare the number of conflicts between bicyclists and motorists before and after installation, and also include a "control" location where no measures were taken, in order to monitor the background level of change over time. Providing additional width is an improvement for cyclist, but one which does not logically require striped bicycle lanes. The before case, then, should be a road with lanes wide enough for lane sharing with the test treatment being application of a bicycle lane stripe. To date no one has undertaken such a research program to this author's knowledge.

Many cyclists remain resolutely opposed to bicycle lanes. In part this is because of the safety problems cited above. Instead of seeing bike lanes as legitimizing bicycle use of the road, they see lanes as confining bicyclists to only a small portion of the roadway and a portion which may well not be the safest place to be, depending on traffic conditions, obstacles, and where one is going. They are particularly adamant about this restriction because many states require that cyclists must use bike lanes where they are available. In some jurisdictions, police ticket cyclists for failure to use lanes. One wonders whether bicycle lanes are really installed for cyclists' benefit if lane use is mandatory.

Dilemma #8: Too Much Interest in "Facilities," Not Enough in Education
Bicycle advocates have a tendency to focus first on building facilities and hardly at all on measures to improve the skill and knowledge of bicyclists. The Bicycle Federation of America, a major U.S. bicycle advocacy group, has produced a classification of bicyclists that has been widely cited (Wilkinson, Clarke, Epperson, and Knoblauch 1994). Group A bicyclists are "experienced riders who can operate under most traffic conditions." Group B bicyclists are "casual or new adult and teenage riders who are less confident of their ability to operate in traffic without special provisions for bicycles." Group C bicyclists are "pre-teen riders whose roadway use is initially monitored by parents."

Wilkinson et al. argue that group B and C riders "will be best served by identifying key travel corridors (typically served by arterial and collector streets) and by providing designated bicycle facilities on selected routes through these corridors." It is important that the facilities be "designated," otherwise these riders will not feel safe and will not ride, according to the authors.

There are several problems with this classification system. First, some bicyclists can ride on the roads for many years but still fail to acquire basic bicycle and traffic skills (although skills do tend to increase with experience). Second, an even larger group, consisting of many "group B" bicyclists, do operate on roads at least occasionally, and frequently make major errors such as ignoring traffic signals, riding against the flow of traffic, going straight from a right-turn only lane, or turning left improperly. 

Even with a large number of "designated facilities," group B cyclists will need to use the current street network to get to many destinations. Bicycle lanes will only exist on a minority of streets for the foreseeable future. Bicyclists who drive by car to bicycle paths, ride back and forth, and drive home, will only interact with the street system if there is a gap in the path. However, bicycle path advocates do not like to emphasize this kind of use and prefer to emphasize the transportation benefits of a path. Even this kind of path use is likely to generate some use of the road system, since there are often gaps in the path system and bicyclists are likely to go off of the path to reach other nearby destinations. For example, the Boston-area Minuteman Commuter Bicycle Path, reportedly the busiest in the nation, has two discontinuous segments blocked by a busy intersection. The Cape Cod Rail Trail has several segments where bicyclists are required to detour on the roads.

In short, there is no substitute for having the basic skills and knowledge necessary to ride on ordinary roads. Bicycle paths do not develop these skills (since they do not follow the rules of ordinary roads), and the presence of bicycle lanes does not substitute for knowing how to operate in traffic. These statements do not imply that no roadway improvements are needed, or that bicycle paths should never be built. As we noted, increasing road lane width to accommodate side-by-side lane sharing, and building wide, well-located recreational paths along rivers can provide benefits for cyclists. 

Education and skill development are needed but difficult to provide because (1) people do not always realize the need; (2) few bicycle advocates promote education, (3) bicycle education programs are not yet widely available, and (4) it is hard to demonstrate the effectiveness of training, in part because it has not been tried on a large scale.

Wilkinson et al. believe that skilled riders are a small, elite group, and they imply that changing B riders into A riders on a mass basis is an impossibly difficult task. Their estimate of the difficulty of learning safe, effective cycling techniques is probably overstated. Safe bicycle operation follows the same basic rules as safe motor vehicle operation, whose rules are familiar to virtually all adults. The major skill required, checking for traffic by looking over one's shoulder, does take some practice but seems to be well within average capabilities. Making a vehicular-style left turn on a multilane street with high traffic volume does require some skill, but cyclists who are not confident with this maneuver always have the option of making a pedestrian-style left turn.

In retrospect, then, the challenge of cycling education is not so much the material to be taught but (1) overcoming the fear of riding in traffic (2) overcoming the tradition that bicyclists do not have to obey traffic laws, and (3) overcoming the idea that knowledge of balancing and steering equals bicycle riding competence. People who are afraid of riding in traffic might be persuaded to take a training class which helps them gradually build their confidence. It may be more difficult to reach those who already ride, but in a dangerous manner. For this group law enforcement to prevent the worst mistakes is necessary. Permitting a cycling education class in lieu of payment of a traffic fine may be the most effective way to reach these cyclists. Such programs already exist for motorists in some states (although motorists have the larger incentive of avoiding increases in insurance premiums).

Getting Beyond the Dilemmas
Many of the dilemmas described above have been around for many years. Bicycle advocates have begun to make improvements in some of these areas, but very few communities have appropriate education, enforcement, and roadway design policies in place.

 

Build Skills 
The single most important activity for bicycle planners is to establish programs that will help bicyclists to overcome their fear of riding in traffic and to teach them basic skills. This can be accomplished through formal education, peer contacts, group rides, cycling clubs, bicycle user groups, and distribution of guide books such as John Allen's Street Smarts (1988).

One problem is the lack of bicycle riding instruction classes. The League of American Bicyclists' Effective Cycling (EC) program has been in existence for about 20 years, but has not been widely available. In 1995 the LAB began an initiative to expand the market for the class by training more instructors and breaking the curriculum into smaller modules. In past years about 400 cyclists on average around the U.S. have graduated from EC classes. As of this writing, it is too soon to determine if the new program will attract large numbers of students.

The Canadian Cycling Association sponsors its own class based on Effective Cycling principles, CAN-BIKE. The program includes a 12-hour CAN-BIKE I beginning class and an 18 hour CAN-BIKE II advanced class. In Toronto, the course is jointly sponsored and promoted by the City of Toronto, and is a requirement for the bicycle police force. About 560 students a year in recent years have taken CAN-BIKE classes in Toronto alone, more than the annual total in the whole of the USA. These numbers suggest that there is significant potential for increasing the number of EC graduates.

Better Road Design 
Although many roads are safe and comfortable to bicycle on right now, others are unpleasant even for the most experienced cyclists. This is particularly true on urban arterials, which can be both the least pleasant for riding and also the most necessary for transportation purposes. As discussed above, widening the outside lane of such roads to create enough room for side-by-side lane sharing between bicyclists and motorists will make such roads much more usable. Adding a bicycle lane stripe may worsen the situation if it increases the number of improper merges at intersections. Yet bicycle activists often insist that such a stripe is essential. One proposal is to put a bike stencil on a wide outside lane, thereby providing the encouragement and legitimacy sought by bike lane advocates (Zehnpfennig et al. 1993). This solution may be able to unite bicycle advocates, but so far it has been only tried in Denver, to this author's knowledge.

Where narrow lanes prevent comfortable lane sharing, motorists are more likely to harass bicyclists for being in the way. Some jurisdictions have started to post "Share the Road" signs in such locations. While road widening or paving shoulders is probably a better solution where there is any significant volume of motor traffic, such signage may prove to be an effective and inexpensive solution, and has already been used by New Hampshire, New Jersey, Texas, and other states.

Targeted Enforcement 
Enforcement of serious traffic violations committed by bicyclists is a necessary ingredient in improving bicycle safety. Advocacy organizations cannot be successful in exhorting bicyclists to obey the law when bicyclists know they can commit flagrant violations in full view of police without attracting the least bit of interest. Wrong-way riding, lack of lights at night, and failure to stop at red signals are probably the most important infractions to enforce. It is also helpful to target behavior that is threatening to pedestrians, such as weaving through a crowded crosswalk (on a red signal) and riding on sidewalks. With a little enforcement, word gets out that police will not tolerate activities such as riding on sidewalks. Increased compliance with traffic law can have a positive and self-reinforcing effect among bicyclists, just as currently new bicyclists learn by imitation to violate traffic laws. 

At the same time, police officers should cease to harass cyclists who are using public roads, even if they are relatively high-speed roads such as parkways. In many U.S. states, only the state government may prohibit bicycling from a road, and only on limited access roads. Despite such a law in Massachusetts, several towns unlawfully ban cyclists from some public roads.

 

Bicycle Promotion
A final task for bicycle planners is to change public opinion about bicycling. All road users should know that it is legal and respectable to bicycle on the public roads. Political leaders, sports figures, and other celebrities who bicycle can be an effective tool in changing public opinion. The most dramatic changes in city and state policy seem to occur when top officials are also cyclists. Recent U.S. examples include the Mayors of Chicago and Los Angeles and the Governors of Pennsylvania and New Jersey. Television could be a very effective medium to broadcast messages that bicyclists must obey traffic laws and motorists' must respect bicyclists' right to use the roads.

 

Endnotes
1. The remaining collisions were as follows: bicyclist overtaking, 2.7%; wrong-way bicyclist (head on), 2.5%; other parallel path collisions (including operator loss of control), 2.7%; and other or unknown, 7%.

2. The exception in Boston is that police cite bicycle messengers for violations of the city's courier registration ordinance and of the traffic laws.

3. In the remaining 8% of collisions, culpability was unknown or unclear.

4. A 10 foot wide path may be suitable if there are very low volumes of users, especially non-cyclists (pedestrians and roller skaters). However, if use is low, the cost of building a separate path may exceed its benefits.

5. In countries where such bike lanes are common, drivers are trained to stop and look right before turning. However, such a maneuver is physically difficult and contrary to the normal rules of the road. It is doubtful that American motorists will learn this new behavior. Moreover, such lanes may be dangerous in other countries. For example, Germany is beginning to recognize that bicycle paths marked on sidewalks increase the risk to cyclists. While this does not mean that German bicycle lanes are necessarily dangerous, it does suggest that facilities can be in place for many years before their danger is realized.
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